In the course of our search for biologically and structurally unique compounds from medicinal plants in tropical and subtropical regions, 1) we have continued to investigate the constituents of Erythrina species. The genus Erythrina (Leguminosae) consists of more than a hundred species of trees, shrubs and herbaceous plants that are widely distributed throughout tropical and warm regions of the world.
In the course of our search for biologically and structurally unique compounds from medicinal plants in tropical and subtropical regions, 1) we have continued to investigate the constituents of Erythrina species. The genus Erythrina (Leguminosae) consists of more than a hundred species of trees, shrubs and herbaceous plants that are widely distributed throughout tropical and warm regions of the world.
2)
Erythrina velutina WILLD. is commonly called Mulungu in Brazil, and its bark is used as a remedy for insomnia, convulsion, nervous cough and rheumatism in the north of Brazil. 3) Phytochemical analyses have demonstrated that Erythrina plants accumulate Erythrinan alkaloids, 4, 5) benzylisoquinoline alkaloids, 6) isoflavonoids 7) and pretocarpanes. 8) The Erythrinan alkaloids are characterized by their unique tetracyclic spiro-amine framework. Therefore, their structures with various biological properties have recently attracted attention as a synthetic target. 9, 10) In previous papers, we described the isolation and structural characterization of an indole derivative, hypaphorine, and its sleep-inducing effect on normal mice, 11) as well as the isolation and structural characterization of a new Erythrinan alkaloid, erysodine N-oxide, together with known compounds, and the evaluation of the isolated compounds in terms of the enhanced activity for tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL). 12) In this paper, we describe the isolation and structural elucidation of four new Erythrinan alkaloids (1-4), including novel sulfated alkaloids from the high polarity portion extracted with n-BuOH, of the seeds of Erythrina velutina. The new constituents isolated from E. velutina were elucidated by spectroscopic methods, including 1 H-and 13 C-NMR, high resolution (HR)-MS and comparison with data in the literature.
Results and Discussion
The seeds of E. velutina were crushed and then extracted with MeOH and 80% MeOH. These MeOH-soluble materials were successively partitioned between petroleum ether, EtOAc and 3% tartaric acid. Each water-soluble material was adjusted to pH 10 with Na 2 CO 3 and then partitioned between CHCl 3 and n-BuOH to obtain alkaloidal portions. The nBuOH-soluble materials were subjected to amino-silica-gel and silica-gel column chromatography. The obtained fractions were further purified using a silica-gel column and silica-gel HPLC to afford four new compounds 1-4 and a known compound, hypaphorine.
Compound (5). 13) These facts indicated that a sodium sulfate group was located at C-15. The nuclear Overhauser effect spectroscopy (NOESY) correlations ( Fig. 2 ) of 16-OMe/H-17 suggested that the methoxy group was located at C-16. Another methoxy group located at C-3 in a-orientation was deduced from the NOESY cross-peaks of 3-OMe/ H-3 and H-3/H-14. Other NOESY correlations of H-17/H 2 -11, H 2 -8/H-10b, H-4b/H-10a and H-1/H-7 were satisfied with the relative stereochemistry of the new compound 1 as depicted. Furthermore, the circular dichroism (CD) spectrum of 1 showed a Cotton effect at l max (MeOH) 231 nm (De ϩ23.3), which suggested that the absolute configuration of the 3-methoxy group was R. 14) Compound 1 was converted into erysovine (5) Tables 1, 2 ). In addition, there were two methoxy groups attached to C-3 and C-15, as deduced from HMBC correlations of 3-OMe and (Fig. 3 ). The NOESY correlations of H-15-OMe/H-14, H-3/H-14, H-3-OMe/H-3 and H-3-OMe/H-4b revealed that the methoxy groups were located at C-3 and C-15, and H-3 was in a b-orientation (Fig. 3) . Thus, the structure of compound 3 was assigned as 16-O-b-D-glucopyranosyl-coccoline. C-NMR spectra of 4 were similar to those of 1. The 1 H-1 H COSY and HMBC correlations showed that 4 was a typical Erythrinan alkaloid. Two methoxy groups were attached to C-3 and C-16, as deduced from the HMBC correlations of H-3-OMe and H-16-OMe, to each methoxy-bearing carbon, respectively. Additionally, the molecular formula of 4 indicated the presence of one extra oxygen atom. In 13 C-NMR, the spiro-carbon (C-5) and two methylene carbons of C-8 and C-10 exhibited markedly downfield shifts by 14.5, 14.8 and 15.9 ppm in comparison with those of 1, respectively (Table 2 ). These facts suggested that the nitrogen atom was oxygenated. The orientation of the oxygen atom of N-oxide might be a-facing owing to the downfield shifts of H-4a (d H 2.88 t) ( Table 1 ). The relative configuration was determined to be the same as that of 1 deduced from its NOESY spectrum. Therefore, compound 4 was assigned as sodium erysovine N-oxy-15-O-sulfate.
Compounds 1, 2 and 4 are new Erythrinan alkaloids containing a sulfate group from Erythrina velutina. These sulfated compounds are the first reported to be isolated as Erythrinan alkaloids.
Experimental
General Experimental Procedures Optical rotations were measured on a Jasco DIP-370 digital polarimeter. UV spectra were obtained using a Jasco V-560 UV/VIS spectrophotometer. A Perkin Elmer spectrum-100 Fourier transform (FT)-IR spectrometer was used for scanning IR spectroscopy with KBr pellets. 1D-and 2D-NMR spectra were recorded on a Bruker AVANCE-500 spectrometer using tetramethylsilane as the internal standard. Mass spectra were obtained on a JEOL HX-100 spectrometer. Column chromatography was performed using silica gel (Wako-gel C-300, Wako Ltd., Japan) and amino silica gel (Chromatorex NH 100-200 mesh, Fuji Silysia Chemical Ltd., Japan). Fractions were monitored by TLC, and spots were visualized using Dragendorff's reagent. Extraction and Isolation The seeds of E. velutina (954 g) were crushed and then extracted with MeOH (Ext. A, 40.3 g), and then with 80% aqueous MeOH (Ext. B, 24.0 g). The MeOH-soluble materials (Ext. A) were partitioned between petroleum ether (3.78 g), EtOAc (1.01 g) and 3% aqueous tartaric acid. The water-soluble materials were adjusted to pH 10 with Na 2 CO 3 and successively partitioned between CHCl 3 (2.77 g) and n-BuOH (11.29 g). The n-BuOH-soluble materials (8.37 g) were separated in a NHsilica gel column (CHCl 3 -MeOH, 95 : 10→0 : 100, Chromatorex NH 100-200 mesh, Fuji Silysia Chemical Ltd., Japan) to obtain 22 fractions (F1-F22). F10 (CHCl 3 : MeOH, 6 : 4, 460 mg) was separated using a silica gel column (CHCl 3 -MeOH, 70 : 30→40 : 60, Wako-gel C-300, Wako Ltd., Japan) to isolate 1 (52.8 mg); F20 (CHCl 3 : MeOH, 3 : 7, 71.1 mg) was separated using a silica gel column (CHCl 3 -MeOH, 7 : 3) to give 2 (4.6 mg). On the other hand, the n-BuOH-soluble materials (421 mg) were separated using a silica gel column (MeOH-acetone, 99 : 1) to obtain 3 fractions (F2-1-3) . The first fraction (F2-1, 272 mg) was chromatographed on a silica gel column (CHCl 3 -MeOH, 9 : 1) and then HPLC (CHCl 3 -MeOH, 9 : 1, YMCPack SIL, YMC Ltd., Japan) was used to obtain 3 (4.2 mg). Furthermore, the 80% aqueous MeOH (Ext. B) was partitioned using the above method to obtain alkaloidal portions of CHCl 3 -soluble (439 mg) and n-BuOH-soluble (4.86 g) materials. The n-BuOH-soluble materials were separated using a NH-silica gel column (CHCl 3 -MeOH, 95 : 5→0 : 100) to give 11 fractions (F3-1-11 ). The F3-10 (CHCl 3 : MeOH, 1 : 1, 519 mg) was further chromatographed on a silica gel column (CHCl 3 -MeOH, 9 : 1) to isolate 4 (9.9 mg).
Plant Material
Sodium Acid Hydrolysis of 1 HCl (1 N, 2 ml) was added to 1 (5 mg) at room temperature and the reaction mixture was stirred at 80°C for 30 min. The solution was neutralized using 5 N NaOH. The aglycon was extracted with CHCl 3 and evaporated under reduced pressure to give compound 5 (1 mg 
